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Pheromone-degrading enzymes (PDEs) 
are supposed to be involved in the 
signal inactivation step within the olfact- 
ory sensilla of insects by quickly degrad- 
ing pheromone molecules. Because esters 
are widespread insect pheromone compo- 
nents, PDEs belonging to the carboxy- 
lesterase (CCE) family have been the 
most studied. However, only two CCEs 
were both identified at the molecular level 
and functionally characterized as PDEs 
until recendy. In the pest moth 
Spodoptera littoralis, we have identified 
an unsuspected diversity of antennal 
CCEs, with a total number of 30 genes. 
Two CCEs, enriched in antennae and 
belonging to distinct clades, were shown 
to present different substrate specificities 
toward pheromone and plant com- 
pounds. A same CCE was also shown to 
efficiently degrade both pheromone and 
plant components. Our results suggest 
that the structural evolution of antennal 
CCEs reflects their functional diversity 
and that a complex set of CCE-mediated 
reactions take place is the olfactory organs 
of moths. 

Olfaction play a fundamental role in many 
insect species to locate and choose mates, 
food sources, hosts and oviposition sites 
essential for their survival. Intensive 
research has led to the identification of a 
diversity of genes involved in the sequen- 
tial step of odorant reception within the 
olfactory organ, i.e. the antennae, which 
bear the olfactory sensilla. This process 
includes the binding and transport of 
odorant molecules by odorant-binding 
proteins (OBPs) throughout the sensillum 
lymph, their recognition by odorant 
receptors (ORs) and their inactivation 



through their degradation by specific 
enzymes called Odorant-Degrading 
Enzymes (ODEs). 1 The first studies on 
odorant degradation were focused on male 
moth pheromonal system because of its 
high sensitivity and selectivity. While 
flying to calling females, male moths can 
react to the loss of the odorant trail in 
less than 0.5 sec, 2 suggesting that they are 
able to reset their sensory system in few 
milliseconds. Rapid degradation of phero- 
mone in male antennae is thus believed 
to play an important role in signal 
termination. The correlation between the 
various enzymatic activities found in 
insect antennae 3 and the chemical struc- 
tures of their pheromone components has 
led to the hypothesis that each insect 
species possess specialized Pheromone- 
Degrading Enzymes (PDEs)/' 

Among putative PDEs, the carboxyl- 
esterases (CCEs; EC 3.1.1.1) have been 
the most studied, but few molecular 
and functional data are still available on 
antennal CCEs. Through molecular clon- 
ing, one antennal esterase gene has been 
identified in the noctuid moths Mamestra 
brassicae, Spodoptera littoralis and Sesamia 
nonagrioides, in the beetle Popilia japonica 
(PjapPDE) and in the bee Apis mellifera?' % 
Three CCEs have been cloned in the 
wild silkmoth Antheraea polyphemus, 9 ' 10 
whereas five genes have been identified 
in the tortricid Epiphyas postvittana by 
transcriptomic analysis. 11 All these CCEs 
were predicted as extracellular and could 
thus potentially interact with the odorant 
molecules within the sensillum lymph, 
in the vicinity of the ORs. Functional 
data were only available for two male 
antennal specific CCEs, ApolPDE from 
A. Polyphemus'^ and PjapPDE. 7 Their 
rapid kinetics toward pheromones strongly 



284 



Communicative & Integrative Biology 



Volume 5 Issue 3 



ARTICLE ADDENDUM 



suggests that enzymatic inactivation could 
play a role in the dynamic of signal 
termination. 

In the moth Spodoptera littoralis, a 
worldwide crop pest, the sex pheromone 
blend is a mix of esters, suggesting the 
involvement of CCEs in pheromone 
degradation. 13 To investigate the structural 
and functional diversity of S. littoralis 
antennal CCEs, we have developed a 
transcriptomic approach on male anten- 
nae. 14 Phylogenetic analysis of the iden- 
tified sequences coupled to the study 
of their tissue-related distribution has 
allowed us to precise their putative 
function. We have then selected two 
CCEs restricted to the antennae to test 
their catalytic properties toward phero- 
mones but also toward plant components. 
Indeed, the ability of CCEs to hydrolyze 
other odorants than pheromones was 
surprisingly not studied, despite that esters 
are widespread among odorants emitted 
by plants. 15 

Our results show that the antennae of 
this species expressed a surprising diversity 
of CCEs for such a specialized tissue. 
Twenty CCEs 6 ' 16 were first identified and 
ten additional sequences were isolated 
more recently (Mai'beche-Coisne etal., 5 
pers. com., GenBank acc. numbers 
HQ122611 to HQ1 22620), leading to a 
final number of 30 genes. This is very 
high, especially when compared with the 
whole repertoires of CCEs identified in 
other species through genome analysis 

References 

1. Leal WS. Proteins that make sense. In: Blomquist GJ, 
Vogt RG, eds. Insect Pheromone Biochemistry and 
Molecular Biology: Elsevier Academic Press, 2003: 
447-76. 

2. Baker TC, Vogt RG. Measured behavioural latency in 
response to sex-pheromone loss in the large silk morh 
Antheraea polyphenols. J Exp Biol 1988; 137:29-38; 
PMID:3209970 

3. Jacquin-Joly E, Mai'beche-Coisne M. Molecular 
mechanisms of sex pheromone reception in 
Lepidoptera. In: Short Views on Insect Molecular 
Biology. Chandrasekar R (ed), Chapter 8. Tamil Nadu, 
India: Bharathidasan University, 2009:147-58. 

4. Vogt RG, Riddiford LM. Pheromone binding and 
inactivation by moth antennae. Nature 1981; 293: 
161-3; PMID: 180746 18; http://dx.doi.org/10.1038/ 
293161a0 

5. Mai'beche-Coisne M, Merlin C, Francois M-C, 
Queguiner I, Porcheron P, Jacquin-Joly E. Putative 
odorant-degrading estetase cDNA from the moth 
Mamestra brassicae: cloning and expression patterns 
in male and female anrennae. Chem Senses 2004; 
29:381-90; PMID:15201205; http://dx.doi.org/10. 
1093/chemse/bjh039 



(from 24 in the bee to 69 in the silkworm 
B. mori). 17 ' 1% Phylogenetic analysis revealed 
that S. littoralis antennal sequences are 
distributed among the three classes of 
CCEs already defined. 17 Eight sequences 
clustered within the first class, which 
contains predominantly intracellular active 
enzymes. Most of them are supposed to 
have digestive or detoxification functions, 
based on their expression in insect midgut, 
or have been implicated in insecticide 
resistance. 19 Two sequences clustered 
within the third class, which brought 
together proteins implicated in neuro/ 
developmental functions, 20 such as acetyl- 
cholinesterases and other non-catalytic 
proteins. All the others sequences from 

5. littoralis antennae belong to the second 
class, which contains mostly secreted and 
generally catalytically active enzymes. For 
a few, functional data suggest a role in 
hormone and pheromone processing. 19 
This class includes noteworthy ApolPDE 
and PjapPDE, as well as Juvenile- 
Hormone (JH) esterases involved in JH 
catabolism. 

We have functionally characterized 
two CCEs, S1CXE10 and S1CXE7, 
belonging to the first and second class, 
respectively. 21,22 In situ hybridization 
revealed that these two genes were asso- 
ciated with long and short olfactory 
sensilla, tuned to pheromones and plant 
odorants, respectively. We showed that 
S1CXE10 was able to efficiently hydrolyze 
a green leaf ester emitted by host plants, 

6. Merlin C, Rosell G, Caror-Sans G, Francois MC, 
Bozzolan F, Pelletier J, et al. Antennal Esterase cDNAs 
from two pest moths, Sesamia nonagrioides and 
Spodoptera littoralis, porentially involved in odorant 
degradation. Insect Mol Biol 2007; 16:73-81; PMID: 
1 72572 10; http://dx.d0i.0rg/l 0. 1 1 1 1 1). 1 365-2583. 
2006.00702.x 

7. Ishida Y, Leal WS. Chital discrimination of the Japanese 
beetle sex pheromone and a behavioral antagonist 
by a pheromone-degrading enzyme. Proc Natl Acad 
Sci U S A 2008; 105:9076-80; PMID: 18579770; 
http://dx.doi.org/10.1073/pnas.0802610105 

8. Kamikouchi A, Morioka M, Kubo T. Identification of 
honeybee antennal proteins/genes expressed in a sex- 
and/or caste selective manner. Zoolog Sci 2004; 21: 
53-62; PMID:14745104; http://dx.doi.org/10.2108/ 
0289-0003(2004)21[53:IOHAGE]2.0.CO;2 

9. Ishida Y, Leal WS. Rapid inactivation of a moth 
pheromone. Proc Natl Acad Sci U S A 2005; 102: 
14075-9; PMID:16172410; http://dx.doi.org/10. 
1073/pnas.0505340102 



but not the pheromone components. 
The intracellular location of S1CXE10 
suggests also that the CCE-based meta- 
bolism of odorant is not restricted to the 
sensillum lymph and could occur within 
the cells. S1CXE7 is predicted as extra- 
cellular and presented different substrate 
specificities as it was able to efficiently 
hydrolyze the two sex pheromone com- 
ponents, but also the plant odor. This 
result demonstrates that a same CCE 
could have a dual function depending of 
its sensillar expression: acting as a PDE 
and reducing plant's odorant background 
noise within the pheromone-sensitive 
sensilla, or acting as an ODE within the 
sensilla tuned to this plant volatile. 
Interestingly, for both genes, the transcript 
levels were induced by male exposure 
to the odorants, showing that odorant 
molecules could modulate CCE expres- 
sion, allowing the insect to adapt its 
antennal catabolism to the fluctuations of 
its odorant environment. 

These studies revealed that the antennae 
are a hot-spot for esterase activities and 
suggest that the structural diversity of 
antennal CCEs could partially reflect 
their substrate specificities. As CCEs are 
known to play a crucial role in insecticide 
metabolism in non-olfactory organs, 
participating in insecticide resistance, we 
will now investigate if some antennal 
CCEs from S. littoralis may participate in 
olfactory neuron protection by xenobiotic 
detoxication. 

10. Ishida Y, Leal WS. Cloning of putative odoranr- 
degrading enzyme and integumental esterase cDNAs 
from rhe wild silkmoth, Antheraea polyphemus. Insect 
Biochem Mol Biol 2002; 32:1775-80; PMID: 
12429129; http://dx.doi.org/10.1016/S0965-1748(02) 
00136-4 

11. Jordan MD, Stanley D, Marshall SD, De Silva D, 
Crowhurst RN, Gleave AP, et al. Expressed sequence 
tags and proteomics of antennae from the tortricid 
moth, Epiphyas postvittana. Insect Mol Biol 2008; 
17:361-73; PMID:18651918; http://dx.doi.org/10. 
Illl/j.l365-2583.2008.00812.x 

12. Vogt RG, Riddiford LM, Prestwich GD. Kinetic 
properries of a sex pheromone-degrading enzyme: the 
sensillar esterase of Antheraea polyphemus. Proc Natl 
Acad Sci U S A 1985; 82:8827-31; PMID:3001718; 
http://dx.doi.org/10.1073/pnas.82.24.8827 



www.landesbioscience.com 



Communicative & Integrative Biology 



285 



13. Quero C, Lucas P, Renou M, Guerrero A. Behavioral 
responses of Spodoptera Uttoralis males to sex phero- 
mone components and virgin females in wind tunnel. 
J Chem Ecol 1996; 22:1087-102; http://dx.doi.org/10. 
1007/BF02027947 

14. Legeai F, Malpel S, Montagne N, Monsempes C, 
Cousserans F, Merlin C, et al. An Expressed Sequence 
Tag collection from the male antennae of the Noctuid 
moth Spodoptera Uttoralis: a resource for olfactory and 
pheromone detection research. BMC Genomics 2011; 
12:86; PMID:2127626l; http://dx.doi.org/10.1186/ 
1471-2164-12-86 

15. Knudsen JT, Tollsen L. Trends in floral scents 
chemistry in pollination syndromes. Bot J Linn Soc 
1993; 113:263-84. 

16. Durand N, Carot-Sans G, Chertemps T, Montagne N, 
Jacquin-Joly E, Debernard S, et al. A diversity of 
putative carboxylesterases are expressed in the antennae 
of the noctuid moth Spodoptera Uttoralis. Insect Mol 
Biol 2010; 19:87-97; PMID:20002215; http://dx.doi. 
org/10. 1 1 1 1/j. 1365-2583.2009.00939-x 



17. Claudianos C, Ranson H, Johnson RM, Biswas S, 
Schuler MA, Berenbaum MR, et al. A deficit of 
detoxification enzymes: pesticide sensitivity and 
environmental response in the honeybee. Insect Mol 
Biol 2006; 15:615-36; PMID: 17069637; http://dx. 
doi.org/10.1111/j.l365-2583-2006.00672.x 

18. Yu QY, Lu C, Li WL, Xiang ZH, Zhang Z. 
Annotation and expression of carboxylesterases in 
the silkworm, Bombyx mori. BMC Genomics 2009; 
10:553; PMID:19930670; http://dx.doi.org/10.1186/ 
1471-2164-10-553 

19. Oakeshott J, Claudianos C, Campbell P, Newcomb R, 
Russell R. Biochemical genetics and genomics of insect 
esterases. In: Comprehensive Molecular Insect Science. 
Gilbert L, Iatrou K, Gill S (eds). Oxford: Elsevier, 
2005:309-81. 

20. Biswas S, Reinhard J, Oakeshott J, Russell R, 
Srinivasan MV, Claudianos C. Sensory regulation of 
neuroligins and neurexin I in the honeybee brain. PLoS 
One 2010; 5:e9133; PMID:20161754; http://dx.doi. 
org/10.1371/journal.pone.0009133 



21. Durand N, Carot-Sans G, Chertemps T, Bozzolan F, 
Party V, Renou M, et al. Characterization of an 
antennal carboxyl esterase from the pest moth Spodo- 
ptera Uttoralis degrading a host plant odorant. PLoS 
One 2010; 5:el5026; PMID:21 124773; http://dx.doi. 
org/10.1371/journal.pone.0015026 

22. Durand N, Carot-Sans G, Bozzolan F, Rosell G, 
Siaussat D, Debernard S, et al. Degradation of 
pheromone and plant volatile components by a same 
Odorant- Degrading Enzyme in the cotton leafworm, 
Spodoptera Uttoralis, PLoS One 2011; 6:e29l47; 
PMID:222 1 6 1 90; http://dx.doi.org/l 0. 1 371 /journal. 
pone.0029147 



286 



Communicative & Integrative Biology 



Volume 5 Issue 3 



